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{57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for efficiently producing polyorganosiloxane particles especially suitable as 
spacers for a liquid crystal display device, having comparatively large particle diameters (about 4-10 \xm), and further having the 
particle diameters dispersed in monodispersion. so as to have a required particle diameter, and further to provide a method for 
producing silica particles. 

SOLUTION: The method for producing the polyorganosiloxane particles comprises forming a homogeneous aqueous solution of 
an alkoxysilane having an unhydrolyzable group, hydrolyzing and condensing the alkoxysilane to provide a seed particle liquid, 
measuring the average particle diameter (r), diluting the seed particle liquid with the aqueous solution of the alkoxysilane based 
on a diluting magnification determined according to equation (II): R=r x (K x C x M/m+1)1/3 [R is a target final particle diameter 
(|im); K is the diluting magnification of the seed particle liquid; C is a constant; M and (m) are concentrations (wt.%) of the silicon 
compound used in the particle-growing step and a seed particle-forming step respectively] to carry out the growing reaction of 
the seed particles. The method for producing the silica particles comprises pre-firing the polyorganosiloxane particles obtained 
by the above method under a specific condition, and subjecting the resultant particles to final firing. 
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CLAIMS 
[Claim(s)] 

[Claim 1] General formula (I) 
R1nS«(OR2)4-n — (I) 

the inside of a formula, and R1 — an un-hydrolyzing nature machine — it is — the alkyl group of carbon numbers 1-20 — The 
alkyl group of the carbon numbers 1-20 which have a (meth)acryloyloxy radical or an epoxy group. The alkenyi radical of carbon 
numbers 2-20, the aryl group of carbon numbers 6-20. or the aralkyl radical of carbon numbers 7-20. the case where R2 shows 
the alkyl group of carbon numbers 1-6. n shows the integer of 1-3, and there is two or more R1 — every — when you may differ 
even if R1 is mutually the same, and there is two or more OR2, even if each OR2 is mutually the same, it may differ. Use the 
silicon compound expressed as a uniform aquosity solution, and it hydrolyzes under catalyst existence. Carry out condensation, 
and form a polyorganosiloxane particle and the obtained polyorganosiloxane particle liquid is used as seed particle liquid. This is 
diluted with the aquosity solution of the above-mentioned silicon compound, growth actuation is performed, the mean particle 
diameter r (micrometer) is measured after seed particle formation in the manufacture approach of a polyorganosiloxane particle 
of growing up particle diameter, and it is relational expression (II). 
R=rx(KxCxM/m +1) 1/3 — (II) 

[however the constant as which the purpose last particle diameter (micrometer) and K are determined by the dilution scale 
factor (set point) of seed particle liquid, and C is determined for R according to the growth reaction conditions of a seed particle, 
and M and m are the concentration (mass %) of the silicon compound used in a particle growth process and a seed particle 
formation process, respectively.] The manufacture approach of the polyorganosiloxane particle characterized by continuous or 
stopping a reaction when particle diameter is measured every fixed time amount and change of this particle diameter is lost on 
parenchyma after it is alike, and following, performing dilution actuation based on the dilution scale factor determined according 
to the purpose last particle diameter and starting growth reaction. 

[Claim 2] The approach according to claim 1 of measuring this mean particle diameter with a Coulter counter, after facing 
measuring average seed particle diameter, extracting some seed particle liquid, contacting a protective colloid formation agent to 
this and making protective colloid form in a seed particle. 

[Claim 3] The approach according to claim 1 or 2 of measuring the particle diameter after growth reaction initiation with an 
optical microscope video micrometer. 

[Claim 4] The approach according to claim 1, 2, or 3 the silicon compound concentration in a silicon compound aquosity solution 
is below 20 mass %. 

[Claim 5] The manufacture approach of the silica particle characterized by carrying out baking processing of the 
polyorganosiloxane particle obtained by the approach given in claim 1 thru/or any 1 term of 4 at the temperature more than the 
decomposition temperature of the organic radical concerned after being beyond temperature lower 100 degrees C than the 
decomposition temperature of the organic radical contained in it and carrying out preliminary baking processing in the 
temperature of the range under of the decomposition temperature of the organic radical concerned. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 



[Field of the Invention] This invention relates to the manufacture approach of a polyorganosiloxane particle, and the manufacture 
approach of a silica particle. It is particle size (about 4-10 micrometers) with this invention it is still more detailed and suitable as 
the spacer for liquid crystal displays, a standard particle, etc. And the polyorganosiloxane particle of mono dispersion [ particle 
size distribution ] so that the thing of a desired particle size may be obtained Baking processing of the approach which yield is 
good in a short time, and it moreover is not restricted to the specific gravity of a raw material, but is manufactured, and the 
polyorganosiloxane particle obtained by this approach is carried out. and it is related with the approach of manufacturing a silica 
particle suitable as the spacer for liquid crystal displays, a standard particle, etc. 



[Description of the Prior Art] Although it is known conventionally that a mono dispersion silica particle (it may only be hereafter 
called a mono dispersion silica particle) has useful particle size distribution as various fillers, a ceramic raw material, etc., 
recently the application as a spacer of a liquid crystal display especially attracts attention, and it is beginning to be used. 
[0003] The particle of a glass fiber chip or synthetic resin has been conventionally used for the spacer of a liquid crystal display. 
However, although the glass fiber chip is excellent in the diameter precision of a fiber, dispersion is large to the die length, and a 
thing long to remainder has a possibility of it being viewed and falling image quality, and has a possibility of damaging the 
orientation film fabricated on the substrate, a protective coat, a color filter, or an electric element since the edge is sharp. 
Moreover, since particle-size precision is inferior, the particle of synthetic resin cannot fill the engine performance demanded as 
a spacer for liquid crystal displays. 



[0001] 



[0002] 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of a polyorganosiloxane particle, and the manufacture 
approach of a silica particle. It is particle size (about 4-10 micrometers) with this invention it is still more detailed and suitable as 
the spacer for liquid crystal displays, a standard particle, etc. And the polyorganosiloxane particle of mono dispersion [ particle 
size distribution ] so that the thing of a desired particle size may be obtained Baking processing of the approach which yield is 
good in a short time, and it moreover is not restricted to the specific gravity of a raw material, but is manufactured, and the 
polyorganosiloxane particle obtained by this approach is carried out, and it is related with the approach of manufacturing a silica 
particle suitable as the spacer for liquid crystal displays, a standard particle, etc. 
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[Description of the Prior Art] Although it is known conventionally that a mono dispersion silica particle (it may only be hereafter 
called a mono dispersion silica particle) has useful particle size distribution as various fillers, a ceramic raw material, etc., 
recently the application as a spacer of a liquid crystal display especially attracts attention, and it is beginning to be used. 
[0003] The particle of a glass fiber chip or synthetic resin has been conventionally used for the spacer of a liquid crystal display. 
However, although the glass fiber chip is excellent in the diameter precision of a fiber, dispersion is large to the die length, and a 
thing long to remainder has a possibility of it being viewed and falling image quality, and has a possibility of damaging the 
orientation film fabricated on the substrate, a protective coat, a color filter, or an electric element since the edge is sharp. 
Moreover, since particle-size precision is inferior, the particle of synthetic resin cannot fill the engine performance demanded as 
a spacer for liquid crystal displays. Therefore, when a more advanced gap precision is required, particle-size precision is good 
and a thing without a possibility of damaging electric elements, such as orientation film formed on the substrate in the globular 
form, and a protective coat, a color filter or ITO electric conduction film, is required. 

[0004] As what fills these demands, the silica particle obtained hydrolysis and by carrying out a polycondensation in the silicon 
„ alkoxide is proposed. This silica particle has high (1) purity, and (2) particle-size precision with little effect on the liquid crystal by 
the leached moiety is good. (3) which can make the CV value (coefficient of variation) acquired the bottom by formula valve flow 
coefficient^) = [the standard deviation (micrometer) of the diameter of a particle] / [mean-particle-diameter (micrometer)] x100 
10% or less, since it can be made an almost perfect true ball It has an advantage, like there is no possibility of damaging electric 
elements, such as orientation film formed on the substrate, and a protective coat, a color filter or ITO electric conduction film, 
etc. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to the approach of this invention, it is a comparatively big particle size (about 4-10 
micrometers), and yield is good in a short time, and, moreover, it is not restricted to the specific gravity of a raw material, but the 
polyorganosiloxane particle of mono dispersion [ particle size distribution ] can be manufactured so that the thing of a desired 
particle size may be obtained. The polyorganosiloxane particle obtained by this approach is suitable as the spacer for liquid 
crystal displays, a standard particle, etc. Moreover, according to the approach of this invention, by carrying out baking processing 
of the polyorganosiloxane particle obtained by the above-mentioned approach on condition that specification, it has a particle 
size suitable as the spacer for liquid crystal displays, a standard particle, etc., and a mono dispersion [ altitude ] particle size 
distribution silica particle can be manufactured by simple actuation in a short time. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The 1st purpose of this invention is under such circumstances to offer the approach 
of being a particle size (about 4-10 micrometers) suitable as the spacer for liquid crystal displays, a standard particle, etc., and 
yield being good in a short time, and it not being restricted to the specific gravity of a raw material moreover, but manufacturing 
the polyorganosiloxane particle of mono dispersion [ particle size distribution ] so that the thing of a desired particle size may be 
obtained. Moreover, the 2nd purpose of this invention is in the thing which manufacture the high silica particle of particle-size 
precision [Bure (particle size of the purpose particle - particle size of the obtained particle) of a low CV value and a low particle 
size] by simple actuation for a short time and for which the advantageous manufacture approach is offered industrially in the 
approach of calcinating a polyorganosiloxane particle and manufacturing a silica particle. 
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MEANS 



[Means for Solving the Problem] In order that this invention persons may attain said purpose, as a result of repeating research 
wholeheartedly, the silicon compound which the un-hydrolyzing nature machine and the alkoxyl group of hydrolysis nature 
combined with the silicon atom is used as a uniform aquosity solution. Hydrolysis and after carrying out condensation and 
preparing seed particle liquid, it found out that the 1st purpose could be attained by the aquosity solution of the above- 
mentioned silicon compound performing dilution actuation, and growing up this particle based on the dilution scale factor called 
for according to specific relational expression. 

[0013] Moreover, if a temperature up is immediately carried out to the temperature more than the decomposition temperature of 
this organic radical in case the organic radical which heat-treats a polyorganosiloxane particle and is contained in it is 
decomposed, decomposition of this organic radical and desorption happen rapidly, the disruptive strength of a particle may fall or 
a-particle may break. In order to solve such a problem, after this invention persons repeated research further and did preliminary 
baking at specific temperature, by carrying out actual baking at the temperature more than the decomposition temperature of 
this organic radical, they could solve the above-mentioned problem and found out that the 2nd purpose could be attained. 
[0014] This invention is completed based on this knowledge. That is, this invention is (1) general formula (I). 
"R1nSi(OR2)4-n — (I) 

the inside of a formula, and R1 — an un-hydrolyzing nature machine — it is — the alkyl group of carbon numbers 1-20 — The 
alky! group of the carbon numbers 1-20 which have a (meth)acryloyioxy radical or an epoxy group. The aikenyt radical of carbon 
numbers 2-20, the aryl group of carbon numbers 6-20, or the aralkyl radical of carbon numbers 7-20, the case where R2 shows 
the alkyl group of carbon numbers 1-6. n shows the integer of 1-3. and there is two or more R1 — every — when you may differ 
even if R1 is mutually the same, and there is two or more OR2, even if each OR2 is mutually the same, it may differ. Use the 
silicon compound expressed as a uniform aquosity solution, and it hydrolyzes under catalyst existence. Carry out condensation, 
and form a polyorganosiloxane particle and the obtained polyorganosiloxane particle liquid is used as seed particle liquid. This is 
diluted with the aquosity solution of the above-mentioned silicon compound, growth actuation is performed, the mean particle 
diameter r (micrometer) is measured after seed particle formation in the manufacture approach of a polyorganosiloxane particle 
of growing up particle diameter, and it is relational expression (II). 
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EXAMPLE 



[Example] Next, although an example explains this invention to a detail further, this invention is not limited at all by these 
examples. 

Methyl trim etoxy si lane (it is hereafter written as MTMS.) 500g was added to 5000g of preparation ion exchange water of the 
liquid for example 1(1) seed particle formation, and it agitated by 100rpm at 30 degrees C. Although it was distributing in the 
state of the oil droplet in the water solution, about 3 hours after, it dissolved completely, and MTMS became a homogeneity 
solution, and made this the liquid for seed particle formation at the beginning of MTMS addition. 

[0045] (2) MTMS3300g was added to 33000g of preparation ion exchange water of the liquid for particle diameter growth, and it 
agitated by 100rpm at 30 degrees C. Although it was distributing in the state of the oil droplet in the water solution, about 3 
hours after, it dissolved completely, and MTMS became a uniform solution, and made this the liquid for particle diameter growth 
at the beginning of MTMS addition. 

[0046] (3) In the liquid for seed particle formation prepared by the formation above (1) of a seed particle, the agitating speed was 
lowered to 30rpm and 50ml of one-mol [/I. ] aqueous ammonia was added at a stretch. 2 minutes after adding aqueous ammonia, 
the particle grew, and the solution became cloudy. pH of the seed particle liquid 30 minutes after aqueous ammonia addition was 

'9.47. 

[0047] (4) 0.2ml of seed particle liquid 30 minutes [ in the count above (3) of measurement of seed particle diameter and the 
addition (dilution scale factor) of the liquid for particle diameter growth ] after aqueous ammonia addition was added to 2ml of 0.1 
mass % polyvinyl alcohol water solutions, and particle diameter was immediately measured with the Coulter counter. 
ConsequentJy. the seed particle was 2.784 micrometers (1.49% of CV values) in mean particle diameter. The formula which sets 
the purpose last particle diameter as 6.683 micrometers, and comes to develop the mean particle diameter and the purpose last 
particle diameter of the obtained seed particle the above-mentioned relational expression (II) with the dilution scale factor K (HI) 
[0048] 
[Equation 2] 

< R '- rt /y«^0 -A ... 0H) 

o 

[0049] ( — however, A and B are constants decided by the growth reaction conditions of a seed particle, and it can ask for them 
by the approach shown later by this example.) — dilution scale-factor K 10.80 time was obtained by substituting and calculating. 
[0050] 
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i~io©wffiK. &izzL<»7)v*)],mzm.m 

;i/fi<o0ij<i:LT«. ;*^;ia, x^;ps, n-^ntrju 

-f yyntrjps, n-^;PS, -fV^;uS, s 30 
e c t e r t -73Ml<g. ^>^;US. ^ 

^^mps. d^>^jus. x^p^N^ 
s^a&fsWttf&n*. (**) Ti"JD-i';U^*-> 

S^L<«XJl?^xS$Wr5^Scl~2 0W7M 
iHtLTIl ±i2@&8£#-f-50*35i£Scl~l 0ffl7 

^ U -> F + ->yatf;PS. 3. 4-X/}?+->->^P'\4 : - 40 
is)vmU£tfmm\z>. ^S2~2 o©t;u^x;u 
ItLTIl &^&2~l 0ro7JI/^x;uaa<$f£L 
<. r©7J^r;H«liitt 1 ^ttro 

«. fcfx;u». 7U;ug, y^x;ps. ^*-fcx;us> 
^^x^a&t'at^tf ens. Ma6~2o©7'j 

£*><^f en*. ^S7~2 0«377M;i'Si:LT 
tt, &5fSft7~ 1 0rot>CO7jt$?$l,<, MAHfOvW 50 
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tiztnmit&vivmm (»«%) t&s. ] ctsen. 
§ ws^^s icjsdtsi^ce nfc^fls^ fcso*^ * 

(2) ±lE#J£-?*tenfctf U*;P#/ >*5^ 

-e-ro^ic^snswsssw^tas.to loots 
»flE«±©s8ET?«&*«i3-r * c t £4$m t-rs -> u * 

[0 0 15] 

C*wrtt. I^tLT, -«5£ (I) 
- (I) 

;i^&<i:a<#tf ens. 

[0017] r« 1 ~ 6 ©t;p^;pst 

&^>t, MM*. *ft©nrn-e»oTfeJ: 

<, -?-<Z>0i]£:LTtt, x^JPS. n-7"ntf 

sec -y^Jl/*. t e r t -^;U3S, ^>^;PS. 
«mi»f6n«. nttl ~3©lE&T&0. R' 
9tUTfe«t<. StOR'^«a&5«^. SOR'B 
[0 0 18] «SC (I) -caiSftair-f*^* 

HJ-fVyD!j?+yy7>, X^ h 'J * h + > ->7 

>. x^ji/huxh4 i >'>'7>. ^Dtr;i/huxh+-> 

^->v7>. 7i^hijit>*->->7>. fx;u h ij 
^h + ->->5>, fx;PhUxh^v-->7>. r-^'J 

h^->->7>. ^^;i/7xx;Pi?^ h^->->^>^<t*^ 

5>*5«i:t5tx;UhU^ h^^->7>*ij(fjgT*-5. * 
fgWCfc^Tte. H^fiLT. mi5-)RSC (I) -C^S 

[0019] *&9i<&#*fctt. rni&*T'( mits®*:*}- 




( 5 ) 



•j j is p >m?&m&z -a-* c t \z «t o # e> 

R=rx (KXCXM/m+1) '" 

itzfzL. RitmttjmmtiLTm (Mm) . rt4->-K& 

Kfi^©¥«ttft (Mm) . K«->-F 

[0 0 2 0] (1) J'-H*W*fl*<OMI 
(2) 

(3) ^-Hfi^CM 

(4) ^- Ktt?&Ottt^&?&ASJBttOMMnS 

©if® 

(5) &^&cd 

(6) SJ^f^it 

[0 0 2 1] JfelC. ±E*»fPlC3^>T»ttKKWr 20 
-5. 

(1) ->- Egfr5P»fiSffltt<Pim 

gcoesg*. ^-n^ni%— jR-e*«rr*fc«>fc:. cco-> 

- Ftt ; F#fi6fl!«©BI«K« ^ £ ns ir-f t b 

xtt. mi2-iea en T*3ft«fl:*4ta0'f'*&. it 

- H«t?a>lSflK«J:C^tt?S«>lAA«. ^n-en2B8; 

[0 0 2 2] m+r* SWMH&fcLTtt. *tt«E*»=»U 
Tgfttt£WT-5 ; feC0-e£>ntf«fc<. *Klftll8t4&V» 

ffltLTtt, ;k x*/-;k yn/iz-jk 40 

b>S&i:*a^f ens. r.ne«#3£t?*i:jg-&UT 

<b£V>U 2«^±£3a*-&fri*T7K£:ig^LTt> e fc 

[0 0 2 3] JIOS'-KttTJMWBiKOIMtt, ±12* 
ttHEffffc. R$r-f*ft:£to«*anu il«o~5 0'C 

0. frtoft*. ceo®. ir-f*fl:&*o«KH:. 2 OS 

t. (II) **»B-e*fc<&*»^*«»*. * 50 
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(II) 

- (II) 

I»»K:^«££S. J:0#*lA»«flE»4. 15-5S 

[0 0 2 4] (2) tt^gritafflttOWg 
uCtfS^lffliSB. ±82 (1) ©^-H«[-?»J«ffl 

*(4J*#coSg&,i;tt, K->— KSt^fiEfflSKO-S-ne 

[0 0 2 5] (3) S/— g>»fiB 
±13 (1) TH«Lfc->— Ktt?»rtJB*t*8B*l'&a t 
6. ttflltLT. »SL<t4T>^:^7*5J:^/Sfe« 

iMM, «**«T. Ktt^*»«S-e-. ->-F& 

?«tfS. Cut, 7 5>fcl/rtt. 

JUTS >. y^fJP7 5>, tyif^7$>. yif 

[0 0 2 6] Sfc. 7>t-7*5J:^/Jfett7S 
c0g^&&t;:7>^X7:fc±tf/£f£l47S >£&<8L 

LTtt. ME (1) ©->— Ftt-?»riyB*©»«K:o^ 
TWlftBJ HT9«JS Lfc <7) <h 1^ U t> CO Sr^tf S C <t 

[0 0 2 7] CC07> ; E-7*3±^/*fcI47S 

OpHtf. »*b<»48. 2-11. 0O«HlC!ftaJ: 

«fls ^4* oastft t* ic± o fe* s ns **, — » w ic « o 

~5 0*C©*SHt?ai4n*. H1S[^-coigB£^fra«. 

*ra«-&K»4. 4-iottwi*«r*!i«. 

[0 0 2 8] (4) S/-Pft?g<OtHMfctt^FgriE<ffl 
±E (3) Hit?*©— » 

T, Ki'-Htt^iOWttfS (Mm) C 



( 6 ) 



[0 0 2 9] CCT. SSno-f KSriM^tTU. « 

£Afc£©7;M : -;i'x;u*>S&. hjo 
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■Cja^TfeJ^U 2S^Ji*m*--&^-tirTffl^T ; fc«k 

^. 

coo3o] ^tc, 3&}mmm?m (um) srjsu 
bws^^s^. ttftantra (in s*r«*kk 

iOSMLTftS, 5£ (III) 
[0 0 3 1] 
[&1] 
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(III) 



[0 0 3 2] VzfcV. A. Btt->- KS^cDfigSK^ 

[0 0 3 3] ±fEi£ (III) t:*3tt-5A*3J:^Btt. fit. 
T©±3i:LTf»5Ci^5. WJffi (3) T#<=> 

nfc^-Kit^**. mm (.2) oy&¥&i&&mmz > 
ffifeo%>mmmz&z>&?\zWitoLtz<n?>. ft^?a& 

[0 0 3 4] ±B©IS*A»S. 5* (IV) 
C=A/K+B - (IV) 

<fc£U Kfcifc&fem-C&Z. ) £*5t££-t££?g&A 
*5<i:tfB£;fci*£. 

[0 0 3 5] (5) tfrfg<Pfifefi 
MG (2) ©tS^«jS*flJ**«**Lfc*«&. CHlK. 

me (3) T?#etifc->-HStT^*. mie (4) xn 
t&dizttisti&ifi* — attics o~ 5 or©«i-ei 

[0 0 3 6] (6) SJfctftffll: 
±12 (5) fcfe^-S^-Ktt^*©**!***©. ft^K 

fiifctt^SSHjeU g&T&<a&{t#3l1t±&<& 

ffllSCfe^T. 6~2 40?F B 1fia??T^tlS. 
[0 0 3 7] *^B«(C*3^T«. ±IS (5) W&^g© 

-«6fc3^eAi^T+^-e$.^. 2mm*&m 



mftmizmzmvzoLx, m?®<D&&\z&m2ti2> 

tt, JftTlM'aSJfcftS £©«fc'5&flHB 
[0 0 3 8] *WHK::&V>Ttt, ±13 (6) ©»fM*T 

o^. mmsmiffs. ^mmm^mtvxitmzm 

00-20 O'CW^HcOlilKTfftetl-5. #389Jtc43</» 
[0 0 3 9] C©i5l:LT, BW^mTSCffifeT 

«3~15(im, »Sl<S4~10i[mT*0, * 

fc, tcvt) a*, a* 2. 5%ia 

K (cvt) !4Ta»cJ:0Jll»e*i*. 

cvi (%) = (nagco®tpfflM/¥^s) x i o o 

[0 0 4 0] '&\z, ^^©vU^&^OSJifi^ftlco 
V»TBl9rr*. uC^ftli, # 'J y-> a 

[0041] dco^ictj^^Ttt, mm<vfiwrzm*>n 

«»<z>#fl?ta&«k o i o o-cist^a^T. 
mms^mum^<Dm.m<num\zn^x^mm^.w ! 

[0042] s^'j^ju^y •>air-*>m.?iz-£$.nz 

50 *«Sco»»SSB(±WSSf'it^JC#aLT«lfi£T^ 
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( 7 ) 



(pmso) /#ye=ju>';kfex4 i ***> (pvs 

O) H^ttTOi^. 3 0 0~5 0 0*CO|SH«>fiStw 

6 0 0~ 1 3 0 0 < C©$gB©2a3nc*3V>T3~ 5 
OI5MgflE«»l.T*B*fflSU fIS*^ti:»»t 20 

s. 

[0 0 4 3] ±E*&fcfflSfc*tt**H«£LTtt. * 

^jw±. 0>j*.#i o$a%et±T*sci*wsL^. 

ftj««BCo^Ttt»fclWIBtt»:<. «MF*n 
[0 0 4 4] 

*%93t4. nns©«K:j:-3TfcA.&iHJS 30 

(1) >- HtmMtBttCDM 
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-i =**>3S!tfe7fc 5 0 0 0 g\Z. *3MH-'J * h^->->7> 
(KT, MTMSi!aSI2-r-5. ) 5 0 0 g SiH*.. 3 0 
X:\ZT 1 0 0 r prnTS^Lfc. MTM S*iJDii#H4. 

MTM S tt56tlC*#bT^-**t* 0 . ^n$->- 

[0 0 4 5] ( 2 ) treSAJUBtteflK 
■f =f>5Si&*3 3 0 0 0 g CMTMS 3 3 0 0 g 
A, 3 0t;[:T100rpm-CM#lt. MTMSgsJjD 
13«H4, ****K«l»©tt«T*MKUT^&**. *5 3 
ttlHtt. MTMStt^tC^JBLT^-SMtaO. 

[0 0 4 6] (3) ->-HSf©M 

±e (i) -zmMLizi/- Fn^M&mmzis^T, m. 

&mm&3 0 r pmfCTtf. \^/^)vh)V7>^- 
7*5 0 5 U 'J v h;i/2r— ^iC^iinL-feo 7^-7* 

**uni/T*>6 2«>aK:f4. tt?#j&jiu mmw&m 

Lft. 7> i 6=7**ftl 3 0 K«C^*OpH 
[0 0 4 7] (4) >r- FttTSOtf-M&ttTSJ&ftJl 

±B (3) (C^lt-5 7> ; E=7*^lni3 0»«O->-H 
2 5'JUyhM, 0. lSiaUb 1 ^ 
7JP3— ;p*«f«2 5 'J U y hJH-SOx, 

^-*^>^-T?« : ?a*wieufc. ->- H 

¥i$&^S2. 7 8 4/im (CVI1. 49 
%) T&ofc. B($&if&JSH i «£6. <6 8 3 0micK£ 

S. fJi:e©M&3£ (II) SWR«*KI=J:OaHILTfc 
4, 5£ (III) 

[0 0 4 8] 

[K2] 



. U*-r*)/ym/M) -A 



Oil) 



[0 0 4 9] (fe£U A. Btt'>-Ktt : ?©J«*E« 
ftfrCioTifcSSSST*?). **J£0>]Tt4. 
T*J*K:«l:0*«>*CtA«-C**. ) KftAU tf-JIT 
SdilCiO. ^SifS^K 1 0. 80fiS#fc. 

[0 0 5 0] ( 5 ) ffc^S©!** 40 
±12 ( 2 ) Ott?fEAftJItt«>&S. 36300g£20 

rpmTJWWSCfti:. ±B (4) -eStWSnfc 
tR«*l 0. 0 6lCft«J:3lC±E (3) T*#fc->- 

Ktt?tt3 3 6 0 gSrSsiJOUfc. 

[0 0 5 1] ( 6 ) 5J&f?lt 
±E (5) £&»t«^-Htt?ME«>tKto&*£ 1 0#« 

t'f^s^o/-^- r vm— 5 o j ) -t?et^s^iffl3£ 
u&. asanas lwmat 1 Km 1 oa-ttti. urn* 



fU. 2 5*«X7>*— 7*5 0 0 g*J6«#>^K: 
[0 0 5 2] Cl©J;^tClxT#e.nfc«l[^»JR^t4 8 3 

fctc:5. WSfi6. 6 5 2 /tm (CVil. 57 
%) T&ofc. catitfSI*. ±E (4) (C*V>Ttt£ 
bfcBWSHtt^attttWSt. *©««-0. 0 3 
Urn (ttSHKO. 4 6%) gATeMSt^ 

[0 0 5 3] <**A. B©HtiJ> ±E (3) IC*»t* 
7 >*=7**i« 3 0 KtfiffjfcO. 2 5'J'J 

•y b;u£, o. iSfi%#'Jb*^;u7;pn-;u*^}K2 

5 U >J y h;Kct(0X, m.%\ZU-)V?-t>0>2— 1?¥ 

HO'>-l«ttf*S. 20 r 
pmT8l#<P<a±B (2) ©tt^j«ftffl*K«liaUfc. 




( 8 ) 



[oo 54] S'-Ktt?tt®IHnft*& i o# 

«{cWI5f^5 i7P^-^-(C«fc 0&?&£S9£U 
1WHB1 0#&&&/£fi##±L;fc;i<fc£«8igLfc<Z> 
5.25 ft»% 7 >;fc=7* 5 0 0 g €r^fi#>yt'T 

3 K 4 Eft ofc. 1 »=«"*-. 

[0 0 5 5] 

161 





(g) 


(//no) 


[C] 


3.128 


2 4 2 0 


8. 2 5 1 


1.16 


2.954 


3102 


7. 250 


1. 18 


2.351 


38 00 


5. 467 


1.2 1 


2. 8 7 5 


48 18 


6. 237 


1. 22 



[0 0 5 6] aU5. *JE«*C£5'-Ftt?«©* 20 

ansa*. Jt«ra 

C = 0. 000026X (->- Klt^ «a6Jp«) + 1 . 
10 1 

Kffii -3 fc. ^-F*mS»ilI*a*S. »R 

«*K*»lf-*-e**©-e. ±5£f4. 

C=0. 9 4 2/K+ 1 . 10 1 

<h&0. A=0. 9 4 2, B=l. 10 1i*S5. 

[0 0 5 7] Jtti^J 1 

(1) ->- h'tt?«!HSlt 
«^*«#*<OS**»fc. PH9. 6K3S&L£:7> 30 
^— 7**« 1 U y h^SAft. 2 0 r pmT«#L& 
MTMS 1 0 0 g£t$o< oaSUOb, ±SfcM 
TMSISMStt. dtt£3 0*CKlT±Jf 

fc. EJ6*©pHtt8. 4T»oL Sit. > 

-l*«ftS*S*S«)CItfclHlltt4IWI?»9 

fc. 

[0 0 5 8] CO->-Htt ; f«>lia*«l3t"r*fc»fc. 
R«**d>«fRD, 2 5S»%7> ; Er:7*^finL.T 
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¥«3*![g2. 7(tmT, CVIB3. 1 %~Q 
&->tz. ±EK**fcfc*T*iR«*2 OffiFK&Sii 

»©pH»48'. 2t?»r?fc. 

[0 0 5 9] (2) f-HSfaSll 
±B (1) TfaSSUfev— Ftfc?tt2 0 U y F;U*. jft 
#NI««*©Ri»»KA > n, 2 0 r pmTDWLW 
6, MTMS 2 0 0 0 g£<$o < DaSSnb, ±JHCM 
TMSISMStt. 3 0tT±iA^^i:i^t5 
Stttt^LfeO^, 25iiX7>t-7*205U'J 

Lftm?$\Zl 8SJP B 1T*t3 7t. C<7D±5ICLTt#etl/i; 
&?<£>&& Srl!l5gLfc<i:;r 3, ¥*m«7. 4fimT, 
CVi(i4. KJS'f'KS'--Ftt?fttfJ5&Jt 

[0 0 6 0] *Jgfi9| 2 

*jfifiaj i Ttten^x- F*t?fi&s&©¥*3*t?&# 

6.2 3 7 um©«[^ *«at*-B-fc«, £ft««2 'J y 
h;|//#£>&frT, MA^4 0 0tSTML, 

5, ¥i9&?&#5. 4 8 8 /im, CVfflAU. 5 2% 
[0 0 6 1] 

it-?*. »«o*fr-e*b«»a-r*^i:cj:D. 

^SlfflX^- !^«**t?fct*tLT#jgfc*i&£* 



